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DOE Regional Carbon Sequestration
Partnerships (RCSPs)

« Nationwide network of regional partnerships

— Determine the best approaches for capture and permanent
storage of GHG.

— Determine the most suitable technologies, regulations, and
infrastructure needs for CO, capture, storage, and sequestration.

— Geographic differences in sources and sinks dictate regional
approach.

 Three phases

— Characterization phase (2003-2005): characterized
opportunities for carbon sequestration.

— Validation phase (2005-2009): Small-scale field tests.

— Deployment phase (2007-2017): Large-volume carbon storage
tests.

Source: NETL Partnerships retrieved from
www.netl.doe.gov/technologies/carbon_seq/partnerships/partnerships.htmi
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Regional Carbon
Sequestration Partnerships

PCOR Partnership:
Nine states and four provinces
Over 1.4 million square miles

%@ Energy & Enviroumental Rosenrch Centar

LN@ Universit}i(of
North Dakota



PCOR

. ABENGO . )
2g%|;n§r5hlpt Q%— OENERGy BN v prooudlS i A&En
—Presen =
e @E%‘ﬂ‘? [
ACFE | ¢ o © BlueSource paiSSjcoAL
FrLa o £ T iy PR COSPERATVE e (L::‘Il:'\:H'l.

Environment
Canada

-
mm@ H-E R G

(& 5 g

Jicks ENBRIDGE .
LHLIMITED §3ghs Opetating Ini.

Bhl ®kiewit @

I OO0 S S

KMISSOLURI oA 3
"M cessnmiznr oF FETHGLEUN COHPCRATION
RATUN NESOURCES

\ lﬁ = =~_‘| /"' i
ﬁwﬂ% 4 Moeh Dakota : ! b «.‘é} < |
TienfracE) g pidweiey & Prepartmeni | \::-:_:-‘:f .,_::-"f
B T Ty & of Health | IHI_ - A
F e o e Saaoomat ICHOMRM LR RNGA N i) L
g - taerery s 12 ) e P e ool

Saskatenewsn
IPd sty arn:
Rasourzas

—v—' ()
Tran s Whiteey ey = Energy

*@ ptrc i

Ferrakzar Incknalagy
Eapmurch Lionire

e

Ty o ﬁUSES &, lﬁm'\fl:u}m‘w
sumcon) rgs) @ e EUsss T BRGNS

TESORO

Snarecic WEST
Enercy L

pEUE  AE

[ich s

0

| 3
r[l’.‘nr'lm;me Hue.

Frscher Chl
and Gas, [no.

MaTKNAL

LR e

.

\i SaskPower  Schlumberyer @

Shel Conodn Urniked

=

2 m

it Gy ey

L Dakols
# Gasificalion
Cormgany

- N et

Minnkota Power

Polsfion [ = ity
Contrad o e
Agancy

MorTHAMERICAN

Batuml Hesounces
Carwada

WESTMUBRELAN I
LoAL COMPAMNY

GNEWIT | oAy

Spectra
Energy.




Phase 11 Project Objectives

* Develop solutions for capture, transport, and storage of
CO, in the PCOR Partnership region.

— Implementation of field validation tests that confirm the feasibility
of regional and national sequestration technologies.

— Continue regional characterization with respect to sequestration
potential.

Inpction of GO, Cffshore natural gas

* Transfer results to DOE |cuues i [emsmepesie poscionwmco
. methane‘__x réseivoirs L . saparaton and
and other public and ' -

production | sequestration

private stakeholders. s 7
coal seam | ‘\
. Engage the public /f \ =
as stakeholders. i e N tewmigs g
formation hydrocarbon SEAMOIT  rEEanOIr
resenvolr trap/seal
—
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Major Stationary CO,
Sources in the PCOR
Partnership Region

Annual CO, Output (tons)
25-500,000

500,000-5,000,000
5,000,000-10,000,000

10,000,000-15,000,000

15,000,000-20,000,000

P

PCCR

Partnership

Sources
1106 stationary sources

Total CO, emissions:
= 549 million tons/yr

Electricity Generation (66%)

Paper and Wood Products
(6.1%)

Petroleum and Natural Gas
Processing (5.2%)

Ethanol Production (4%)
Petroleum Refining (3.2%)

Cement/Clinker Production (2.1%)

HONCOO0 WO

All Others (agricultural processing,
industrial/institutional heat and

power, manufacturing, etc.,
13.4%)
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Decision Support System

COR Partnership De
File Edit View Favorites Tools Help "‘l’

eﬁal:k 2 -\J B @ é /:j Search *Favnritﬁs @ E*)
i Address |@ http://gis.undeerc. org/website /PCORP fviewer.htm

Plains CO2 Reduction Partnership

In order to use the application efficiently, pop-up blo must be turn

n Support System - Microsoft Internet

v|Go i Links

Save Map | Save Bookmark | Metadata

Overview Map
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Stationary point sources of
CO2 in Minnesota, lowa,
and Wisconsin, showing
estimated annual
emissions
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Y Minnesota

Extent of Midcontinent Rift rocks in
Minnesota, lowa, and Wisconsin, showing
sandstone-dominated Bayfield Group and
equivalent rocks in yellow, more gravel-rich
Oronto Group and equivalent rocks in
orange, and volcanic rocks in green
(Minnesota Geological Survey Open File
Report OFR-08-01)




Minnesota

ESTIMATED THICKMESS
OF BAYFIELD GROUP (km)

Clg

—
Estimated thickness map for Bayfield =§
Group rocks in Minnesota and t_;
Wisconsin, based on three-dimensional -
gravity modeling by Allen (1994). . .
Abbreviations: DF, Douglas Fault; LOF, Wisconsin

Lake Owen Fault, SCH, St. Croix Horst,
BPF, Belle Plaine Fault. (Minnesota
Geological Survey Open File Report
OFR-08-01)

a 25 50 ||
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Challenges to MRS Characterization

Lack of data.

lowa, Wisconsin, Minnesota are not oil and
gas (O&G) producers and have been
relatively lightly explored.

Only a small number of O&G or water tests
done in areas of interest.

MRS — potentially an extensive target but
data are lacking and expensive to obtain.

& é) Energy & Envirowmestal Research Center

LN‘) Universitgf of
&/ North Dakota




Distribution of Qil
Fields in the PCOR
Partnership Region

Qil Field

QSedimentary Basin

—

PCOR

Partnership

Oil Fields
3000 fields; 11,000 pools
580,000 wells

Estimated Sequestration

Capacity (based on 45% of fields
having enough pool data to estimate

capacity)
EOR approach: 6.9 GT
Incremental oil: >3 billion bbls

Volumetric approach: 30 GT
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Partnership

Saline Aquifers

Two saline systems
characterized:

- Mississippian Madison
- Lower Cretaceous

Two+ systems in progress

Three planned

Estimated sequestration
capacity of characterized
systems: 101-221 GT




Harmon-Hansen
& Coal

Major Coal Basins in
the PCOR Partnership
Region

Coal Basin

¢ Area of Current
Y Assessment

/A/k
PCOR Coal
Pa,%e,sh,- Three coalfields
characterized:
- Ardley
- Harmon—Hanson
- Wyodak

Planned for lowa and
Missouri Geologic Surveys
to work on respective coals.

Estimated sequestration
capacity of characterized
coalfields: 10.6 GT
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Terrestrial

Partnership PPR and grasslands/croplands
are being assessed.

Potential sequestration
capacity over a 10-year
period:

Wetlands: 220-450 million
tons.

Vegetative standing crop in
restored wetlands:
27 million tons

The Prairie Pothole T Grasslands/croplands:
ii?%ﬁ&?ﬁfgiiggf T under assessment
(preliminary data in decision
support system (DSS,
©2007 EERC Foundation)




Key Results of Phases | and |1

Tertiary-phase enhanced oil recovery (EOR) is the
primary near-term opportunity for managing CO, in the
PCOR Partnership region.

Demand for CO, exceeds near-term supply.

When CO, supply surpasses EOR demand, saline
aquifers are available throughout the region to meet
sequestration demand.

Significant accumulations of unminable coal also
represent potential opportunities for sequestration.

Terrestrial opportunities represent a key near-term
strategy to offset emissions, and the Prairie Pothole
Region (PPR) represents a unique opportunity therein.
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Implications of Phase |
and |1 Results

« EORis key to regional economic development.

* The primary oil-bearing systems are saline
formations. The expertise, experience, and
infrastructure developed through EOR will be
directly applicable to non-EOR saline formation
sequestration in the future.

« Additional saline formations are stratigraphically
and geographically proximal to EOR
opportunities.

I
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Regional
Characterization Approach

Broad Approach
* Views region from a multistate, multiprovince perspective.

« Relied heavily on our partners to determine what data are relevant
In characterizing the region.

« Data from partners, public databases and Web sites, agencies
governing oil and gas exploration, and regulatory agencies.

Focused Approach

« Considers site-specific and local assessments that can serve as
analogs for similar conditions in the PCOR Partnership region or
outside of the region.

* Includes studies (demonstration sites as well as other focused
studies) that are currently under way in Phase |l and planned for
Phase llI.

PLUR

Partnership
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N PCOR Partnership - Microsoft Internet Explorer

: File

Edit

View

Regulatory Framework

Favorites Tools Help

PCORP GIS

Indirect Carbon Sequestration

Regulating CO2 Sequestration

Partner Contacts
® Phase IT

# Phase [
Presentations
Products/Reports
# Phase II

# Phase [

Carbon Sequestration Links -

DOE

Other Carbon Related Links
* Sources/Sinks/ Infrastructure

Data
 General/Background
Information
# CO2 Related Projects
Zama Zone
Terrestrial Zone

Contact Us

PCORP Home

Sponsored n Part by the
U.S. Department of

5. Energy
&,

Decision Support System

Regulating CO2 Sequestration in the PCOR Partnership
Region

| ¥

I ELVERN G I SO R RGN B &) http://gis. undeerc.org/website/PCORP/deployment/pdfs/StateRegulatoryAuthoritiesListing. pdf - Microsoft Internet ExploreE

Capture and Separation (23kb pdf) |1 ri =gt GoTo

CO, Transport (23kb pdf)

Favorites  Help

uUnderground Injection (23kb pdf) ﬁ m * @- & * El‘rs @ @

Long-Term Management and Liab

pdf)

State and Provincial Regulatory Authoriti
Click on the state/province name for
state/province.

Saskatchewan

Montana Morth Da

South O

Nebrz

8.50 x 11.00in

NORTH DAKOTA

Primary Authority for Pipeline Construction
North Dakota Public Service Commission

www.psc.state.nd.us

Reference:

North Dakota Administrative Code, Article 69-09 — Public Service Commission, Public
Utility Division, Chapter 63-09-03 — Gas Pipeline Safety

North Dakota Century Code, 49-02-01.2 — Pipeline Safety — Public Service Commission

Jurisdiction

Primary Authority for Underground Injection Control
MNorth Dakota Department of Health (Classes |, V)
www.health. state.nd.us

Reference:

North Dakota Administrative Code, Article 33-25 — State Department of Health —

Underground Injection Control

North Dakota Industrial Commission Qil and Gas Division (Classes Il and [II)

www.oilgas.nd.gov

References:

North Dakota Administrative Code, Article 43-02 — North Dakota Industrial Commission —«|

<

>

Unknown Zone




Infrastructure
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Regional Characterization
Path Forward

Data gap assessment
Continued characterization
— Refine existing data

— Continue broad and focused data
gathering and analysis

DSS improvements
Dissemination of results
—DSS
—DOE

— NATCARB

I
L o’ Eniergy & Enviroumental Research Conter
rth Dakota



Field Validation Tests

Zama Acid Gas : -
Injection Site 3 : et L | Prairie Pothole Wetlands
: L : : : Terrestrial Sequestration Site

CO, Sequestration in Deep
Saline Formation/Enhanced
Oil Recovery Site

b ] e =
4 ‘ -y
L
s =T -




Williston Basin CO,
Sequestration and EOR Test
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Williston Basin Test
Goals and Objectives

Goal

« To validate the sequestration of CO, in
deep (>10,000 ft) carbonate oill
reservoirs using cost-effective MMV
approaches.

FA 5 Northéast Flai-lk-:

Objectives

* Inject pure CO, into a deep carbonate
oil reservoir for simultaneous
sequestration and EOR.

- Determine the effects of high pressure "3 r #
and temperature on sequestration,
EOR, and MMV. S

* Implement a cost-effective approach
for MMV in a deep oil field.

—J "
PR iﬁ%r:u. EEERC

Partnership




Key Williston Basin Results

BP ; -
Age Units (Ma) Rock Units (Groups, Formations)
UsA (MND) Canada (Sk)

Many fields have multiple pools that =,
may serve as Ssinks.

Multiple zones of laterally continuous
anhydrites, salts, and low-permeability
shales provide multiple seals to many
sites.

Very little mineralogical change
occurred under experimental
conditions (some conversion of
silicates — carbonates?).

Industry interest in CO, flood EOR is
offset by lack of readily available CO,
in the area.

Change in industry partner priorities
and timing result in new plan.

Cenozoic

Tertiary

Phanerozoic




Williston Basin Path Forward

» Pilot-scale CO, injection test on oil
field in Williston Basin with commercial
partner.

» Use existing data and tools to fast-
track implementation of the new test.

« Geochemical modeling of target
reservoir will be conducted.

» Geomechanical properties of reservoir
and seal formation rocks will also be
evaluated.

« MMV will likely focus on reservoir
dynamics data, fluid analyses,
titmeters, and/or microseismic
monitoring.

A Regional Technology

Implementation Plan will be developed.

—"

PLUR

Partnership

CO, Output (tons/yr)

250 - 5,000,000

5,000,000 - 10,000,000 7
10,000,000 - 15,000,000 |

[
15,000,000 - 20,000,000 |

Selected Qil Fields

DGC Pipeline
=== Potential Pipeline Route

| Billings

| Anticline
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| Beaver Creek {
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Fryburg ! Dickinson
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Zama Acid Gas EOR, CO, Sequestration,
and Monitoring Project
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Zama Project Goals and Objectives

Goal
* To validate the sequestration of CO,- njection Well
rich acid gas in a depleted oil reservoir. (with tracer)
. . Production/Monitoring Well
ObJ ectives Caprock Failure

* Inject a stream of acid gas
(70% CO, — 30% H.,S) for
simultaneous acid gas disposal, CO,
sequestration, and EOR.

» Determine the effects of acid gas
injection on target reservoir and cap
rock formations.

* Implement a cost-effective approach
for MMV for sequestration of a CO,-
rich acid gas stream.

Wellbore
Leakage

”" Spillpoint Breech

Partnership ) University of

North Dakota

I D
1
A % Energy & Envirowmental Research Center




Project Recognition

Formally recognized
by the Carbon

k|

Sequestration &
Leadership Forum in S Rt N
March 2007 as an sequestralion leadership forum

official Geological
Storage Project

University of
& North D%ota

I
1
A % Energy & Envirowmental Research Center
: |




Zama Path Forward

Injection of acid gas will continue through Year 4
of Phase II.

Core samples will be collected from an acid gas
disposal zone to examine the mineralogical and
geomechanical changes that can occur in a
carbonate rock exposed to high-pressure acid
gas.

Geomechanical data will be used to populate a
database that will support the creation of a
geomechanical model of the pinnacle reef.

Geochemical modeling activities will be
conducted to predict the long-term effects of acid
gas injection on the reservoir and cap rock
formations.

A Regional Technology Implementation Plan will
be developed.




Lignite for CO, Sequestration
and Enhanced Coalbed Methane
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Lignite Goal and Objectives

Goal

« Determine the feasibility of simultaneous
CO, sequestration and natural gas
production from a lignite coal seam.

Objectives

* Inject CO, into lignite coal seam and
monitor CO, fate in the reservoir.

« Determine the potential for coalbed
methane production from the lignite
seam.

« Determine the potential for production
enhancement by CO, injection.

« Develop Regional Technology
Implementation Plan for CO,
sequestration in lignite coal.

/—

PCUR

Partnership

Universi
North D& ota

1
A % Energy & Envirowmental Rossarch Cente
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Key Results

Well drilling is completed.

Logging is completed, and logs
are being processed in
collaboration with Schlumberger.

Core is collected, and its analysis
by TerraTek is in progress.

Initial numerical model has been
created.

Preliminary simulations have been
run which provide guidance for the
possible outcome of CO, injection
activities in the coal seam.

Par“raership

N=TL

%@ Energy & Enviromsm

esttal Research Center

University of
North Dakota



Path Forward

« Complete log processing and
laboratory- and field-scale tests.

» Anticipated field-scale experiments.
— Pump test

* Conduct well stimulation if
appropriate.

« Use acquired log data, core analysis,
and in situ monitoring data to create
simulation model and begin modeling
CO, fate.

» Begin CO, injection.
* Implement MMV program.

« Develop Regional Technology
Implementation Plan.

« We are under tight-hole status until

the test results can be evaluated.
i

PCOR

Partnership

£)EERC

LND No th Dq(ota



Prairie Pothole Wetlands/
Grasslands Field Validation Test
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Prairie Pothole Wetlands/
Grasslands Goal and Objectives

Goal: Validate and quantify carbon sequestration
potential in the PPR wetlands and grasslands.

» Develop the technical capacity to
systematically identify, develop, and =
apply alternate land use management E—
practices to the prairie pothole =
ecosystem that will result in GHG
reductions.

* Quantify the amount of carbon
sequestered in restored wetland and
surrounding grassland systems.

« Define best management practices for
sequestering carbon and reducing
GHGs in wetlands and grasslands.

‘?‘f_ - { 4 4
f [ | )
| |
L.\

Parur;iership

al Research Center
University of
North Dakota




Prairie Pothole Wetlands/
Grasslands Path Forward

ta processing/compilation.
Determine business processes for carbon credit trading

Field operatlons throughoutthe*P‘C@RPartnersmp' _
region.

Evaluation of other state and regional GHG or cap-
and-trade programs — rules and policies.

Evaluation of DOE guidelines for aggregators and
terrestrial offset providers.

Evaluation of voluntary carbon market, active
players, certification standards, market activity, etc.




Safety, Regulatory, and Permitting
Goal and Objectives

Goal: Assess the developing regulatory
framework of the PCOR Partnership region.

* Analyze existing
regulations and identify
relevant authorities.

« Keep abreast of
congressional actions
and state/provincial
regulatory activities.

* Provide guidance for
field test activities.

I
1
A % Energy & Envirowmental Rossarch Cente
: |

Universit;i(of
North Dakota



Safety, Regulatory, and
Permitting Results

« Congressional actions
and regional
Initiatives are tracked | A
and analyzed for |
potential impact on
the PCOR
Partnership region as
well as CO,

seqguestration as a
whole.

o

NETL E)EERC

U N&North Dakota




Regional Initiatives

Regional Greenhouse Gas Initiative
Western Climate Initiative
The Climate Registry

Midwestern Regional Greenhouse Gas
Reduction Accord

Individual state actions

& é) Energy & Envirowmestal Research Center

LN‘) Universitgf of
&/ North Dakota




Safety, Regulatory, and
Permitting Results

* |nterstate Oil & Gas Compact Commission
— Carbon Capture and Geological Storage
Regulatory Task Force

« Draft model regulation and statute dealing with site
licensing, well operation, well/site closure, and
long-term storage were released last fall.

I D
1
A s Energy & Envirownental Research Centor

LN'D Univers]tgf of
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Safety, Regulatory, and
Permitting Path Forward

Continue to stay abreast
of congressional actions
and state/provincial
regulatory activities.

Provide guidance for field
validation tests.

Develop a roadmap
document for various
sequestration
opportunities in the
region, based on current
field test requirements.

I
1
A % Energy & Envirowmental Research Center
: |

LN}D Universit;i(of
North Dakota



Public Outreach and Education
Goal and Objectives

Goal: Raise awareness of key
stakeholders and the general
public regarding
sequestration opportunities in
the region.

« Develop and deliver general
outreach to benefit partners
and to support field
validation test activities.

» Support outreach of RCSPs.

I D
1
A % Energy & Envirowmental Research Center

University of
l..N;D North D%ota




Public Outreach and
Education Results

Consistent, fundamental information on CO,
sequestration in a variety of readily usable formats

* Five videos (two

Plains CO, Reduction

complet_ed, three in § P S

production) ) FCOR
 Qver a dozen fact =

sheets

* Public Web site with
monthly updates

« 50-page regional atlas.
« Over 20 technical

reports
)
= )EERC
P R ﬂ s Energy & Envirownctal Researcls Conter
Partnership & %gir\éﬁr%a {g{a




Identification of Sequestration
Technologies Goal and Objectives

The goal is to identify sequestration technologies and
approaches suitable and available for large-scale
deployment in the PCOR Partnership region.

— Economic assessment of representative source—technology—
sink combinations.

— Development of Carbon Management Plans.

— Novel Sequestration Case Study (wind energy and CO,
compression).

I D
1
A s Energy & Envirownental Research Centor

LN'D Univers]tgf of
&/ North Dakota




We Are Planning Two
Phase 111 Efforts

Saline Formation
Injection in Canada

Williston Basin

Project
PR = 8EC




Energy & Environmental Research Center
PCOR Partnership Phase 111 Goals

Meet or exceed our partners’ expectations — develop a
project that leads to commercial success.

Develop infrastructure and expertise that propagate our
region’s competitive advantage into the future.

Develop public support through outreach and education.
Develop industry standards for MMV.

Develop user-friendly standards for:

— Site selection/permitting.

— Risk assessment.

— MMV.

Develop markets and standards for the monetization of
carbon credits.

& g) Energy & Enviromnental Ressarch Contor

LN'D Univers]tgf of
&/ North Dakota




Why the Williston Basin?

* We have great Partners!

* The Williston Basin is perfect (both
geologically and socioeconomically) for
this demonstration.

* One of the first commercial-scale projects
to capture CO, from a retrofitted coal-
fired power plant (CFPP).

I
L — w'e  Energy & Envirowmental Ressarch Center
LN‘) Universitgf of
&/ North Dakota




Williston Basin
Phase 111 — Concept

« Capture at least 500,000 t/yr of CO, at existing CFPP in
central North Dakota.

« Transport via pipeline to Williston Basin oil field.
* Meet or exceed all of the DOE Phase lll objectives.

« Conduct activities to document the efficacy of carbon
capture and sequestration (CCS).

 Ultimately monetize credits.
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Williston Basin Phase 111 —
Project Benefits

One of the first commercial-scale projects to
capture CO, from a retrofitted CFPP.

One of the first large-scale implementations of
cost-effective MMV plan based on proven
iIndustrial technology applications and regulatory
processes.

Utilization of existing technologies, methodologies,
and frameworks to adapt existing regulatory
processes for large-scale CCS.

Economic benefits to North Dakota are very significant
as lignite, oil, and gas are critical to our state’s

economy and provide vital primary sector and tax
revenue.
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Fort Nelson CO, Sequestration Project
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Kl Rock 2. _Transform British Columbia’s largest emission
point source into one of the world’s largest CO,
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SEQUESTRATION
OPPORTUNITIES

For more information on the PCOR Partnership please contact:

Ed Steadman John Harju
(701) 777-5279 (701) 777-5157
esteadman@undeerc.org jharju@undeerc.org





